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12. AGSTRACT 


Describes a method for evaluation of heat seeking missiles. Discusses preliminary 
activities, equipment, and facilities required. Provides procedures for gyro 
epin-up time, gyro spin-up current, gyro spin-down time, maximum look angle, 
recovery time, maximum slew rate, gyro drift, signal-to-noise ratio, cool-down 
¥time, field-of-view, caging accuracy, static gain, spectral responsivity, 
intercept ability, gyro spin versus slew rate, maximum tracking versus gyro spin, 
maximum tracking rate versus target intensity, low temperature storage and 
operation, high temperature storage and operation, transportation vibration, 
handling shock, and boost shock. Discusses gyro spin-up time, maximum look 
jangle, signal-to-noise ratio and low temperature storage. Limited to infrared 
seekers. 
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APPENDIR Asp -CREPERENCE 5,4.) 40a ld ee ce Se we re a ae oe ee a a A 
Wer CHARTS ise: sah Sh S66. ee bo en a he hte ee a we eet eB 


S°CTION I 
GENERAL 


- 1. Purpose and Scope. 


a. This procedure applies to all passive heat seeking missiles with 
seekers having the following operational and physical characteristics: 


(1) The seeker element which acquires, locks on, and tracks a 
heat source is a spinning optical system constructed such that it is a 
gyroscope with three degrees of freedom. In this TOP, the element is 
called "gyro." 


(2) The axis of the gyro is free to move (within limits) in 
relation to the longitudinal axis of the missile. In this TOP, the angle 
between the two axes is called "look angle." 


(3) Caging of the gyro is done by purely electronic means. 
When the gyro is caged, the look angle is zero. 


b. Features and characteristics of the test item to be evaluated 
by the use of this TOP are: 


(1) Spin, precession, and drift characteristics of the gyro, 
along with electrical and mechanical limitations. 


(2) Operational parameters of the infrared detector and 
assoctated seeker electronics, including static gain, spectral respon- 
sivity, field-of-view, signal-to-noise ratio as a function of infrared 
irradiation, minimum infrared input for given performance criteria, and 
a method to predict the ability of the seeker to acquire and nome on a 
given target under a variety of environmental conditions. 


(3) SusceptibLiity of the seeker to degradation during simu- 
lated environmental conditions of storage and operation. 


e. Objectives of the teste described in this TOP are to determine 
the degree of compllance of the seeker to the stated and implied opera- 
tlonal and physteal parameters specified in requirements documents, 
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applicable military standards, TECOM regulations, and standards of ;er- 
formance cstablisied by the test agency responsible for the evaluation 
of the seeker. The test objectives in each instance are not limited to 
the determination of whether the test item meets requirements; but, 
rather, the objectives are intended to determine the extent by which the 
reat Ltem exceeds the requirements (or fails to meet requirements). 


d. The procedevan itn thia TOP are designed for evaluation of the 
operational characteristies uf infrared seeker only. Test objectives 
and methods have not been (ncluded to evaluate: 


(lL) Weight, dimenalona, centor of gravity, and power require- 
ments of the seeker, 


(2) Maneuverability, intercept probabillty, and other inflight 
parameters of the missile of which the seeker is a part. 


(3) Guidance abliity of the airframe resulting from information 
suppiied’d by the seeker. 


4. Background, 

a, Infrared recetvera, aa used tn conjunction with guided missiles, 
enable the mlagile to track and "home in" on Jnfrared energy emitted 
from a target. The infrared receiver (hereafter referred to as the 
seeker) containa an infrared detector and reticle mounted in a three 
axtw gyroscope with ground faces such that the gyroscope forms the 
optical system for the seeker. The reticle chops the incoming infrared 
serpy tn such a manner that the output of the detector has a pattern 
which can be used in the electrical system of the seeker to cause the 
gyroacope to precess always toward the moving target. Guidance signals 
are developed by the seeker and used by the airframe of the missile to 
.‘der the mlastle townrda the target. 


bh, RAecause of the exacting requirements for extremely accv~ate 
mlagiie trajectories and the high cost of firing each missile, it is 
incesasary that the acquisition and tracking capabilities of the seeker 
be fully avaluated in the laboratory prior to field testing against 
actual airborne infrared targets. 


c. This TOP is designed to measure the limitations as well as the 
capab{lities of a seeker in acquisition of a target, tracking the target, 
and degradation due to aging of components and operation in extremes 
of environmental exposure. Ability to acquire a target is measured in 
terms of total umount of energy reaching the seeker and also as a function 
of the spectral distribution of that energy (experience has shown spectral 
distribution to be equal in importance to the amount of energy); tracking 
capability is measured in terms of the length of time the seeker can be 
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expected to track a viv. gular velocity os well as the effect of 
angular acceleration of the tr.gets the absolute maximum tracking ability 
of the seeker can also be determined by iests described in this TOP. 


3. Equipment and Facilities, 


a. Elapsed time meter with voltage control of start and stcp 
functions. 


b. Cage coll rectifier to give filtered d.c. output equal to a.c. 
(rms) input from the seeker cage coil. 


c. Frequency meter with digital read-out to measure cage coil out- 
put frequency. 


d. Vacuum tube vol:meter (VIVM) with voltage ranges to accommodate 
the voltage outputs cf the particular seeker under test. 


e. Strip chart recorder with the following salient features minimun: 
(1) Frequency range of zero to 500 cycles per secoad. 
(2) Writing speed of 25,000 inches per second spot velocity. 


(3) Linearity of plus or minus 2.0 percent of reading with 
deflection of three inches. 


(4) Record speed of 20 inches per second. 


(5) Timing marks from a built-in time base generator at tenth- 
second (plus or minus 4.0 percent) intervals. 


£. X-+-Y recorder (two each) with the following salient features 
minimum: 


(1) Input voitage range from 0.1 millivolt per inch to 50 volts 
per inch, switch selectable in steps with continuously variable control 
between calibrated positions for each axis. 


(2) Accuracy of pilus or minus 0.15 percent of full scale each 
axis. 


(3) Frequency response d.c. to 4.0 cycles per second within 
plus or minus 3.0 db. 
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a 


(4) Transient response of 100 milliseconds when set for eight- 
inch deflection each axis. : 


(5) Internal time base generator for X-axis with accuracy of 
plus or minus two percent of full scale; linear‘ty plus or minus one 
percent of full scale; switch selectable sweep rates from 0.01 inch per ; 
second to two inches per second. : 


(6) Remote connector inputs for time base start, reset, and pen 
lift. 


g- Integrating digital voltmeter with the following salient {. ‘tures 
minimum: 


(1) Five voltage ranges from 0.1 to 1,000 volts full scale. 


(2) Input impedance not less than 10 megohms for input of 10 
volts to 1,000 volts, 


(3) Common mode rejection of 120 db at 60 cycles. 


(4) Accuracy of plus or minus 0.01 percent of reading plus or 
minus one digit. 


(5) Integration range from zero te 1,000 volt-seconds. 


(6) Remote control by relay cloaure to ground of the start and 
stop function. 


h, Rate Table with the following salient features minimum (sce 
ftew . b>): ; 


(1) Push button selectable rates of turn, acceleration, and 
direction of rotation; when stopping, the rate table will slow down at 
tha rate selected for acceleration. 


(2) A seeker holding fixture to accomodate the seeker under test: 


(a) The seeker will be mounted so that the precession axis 
d of the saceker gyro in centered over the rotation axis of the rate table. 
(6) The holding fixture shall allow the seeker to be 
rotated about its Longitudinal axis 360 degrees in each direction. 
Gc) The holding fixture shall be equipped with a motordrive 
to roll the sfeker at ite nominal in-flight roll rate, one-half the roll 
rate, and twice the roll rate during operation of the rate table.* 
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(3) A collimated infrared source to illuminate the seeker under 
test, consisting of a blackbody, temperature controller for the black~ 
body, Interchangeable apertures to determine the effective radiating area 
of the blackbody, and various interchangeable neutral density infrared 
attenuaters for the blackbody, as required. Collimation of the black- 
body oulput energy shall be by reflective optics. 


(4) <A look angle drive unit shall be provided to support the 
intrared source and position it such as to provide a look angle for the 
seeker as required by the requirements document. The look angle drive 
shall be motor driven so that it will automatically position the infrared 
source at a pushbutton selectable position of look angle. The rate of 
drive shall be two degrees per second clockwise and counterclockwise, 

The look angle drive unit shall output a d.c. voltage proportional to 
look angie for use with the X~Y recorder. 


i. An infrared signal generator to illuminate the seeker under test 
with monochromatic infrared energy of constant known amplitude and con- 
stunt narrow bandwidth tunable over the spectral region of seekcr 
sensitivity as specified in the requirements document. The signal 
generater shall output a d.c. voltage proportional to the wavelength of 
the monochromatic ovtput energy and shall have an input from the seeker 
detector voltage which shall adjust the level of the cutput energy su 
as Lo waintain tiie output of the detector at a constant value (see 
figure 12, appendix B), 


j- Environmental shrouds to be placed over the seeker on the rate 
table to provide for simulated high and low temperature operation of the 
seeker. Environmental chambers for simulated high and low temperature 
storage of the seeker. 


x. Shock and vibration cquipment as required, for simulation of 
transportation and handling environments. 


1. Insirumentaction type magnetic tape recorder/reproducer with three 
Frequency Modulation (FM) record and playback channels. 


m. Power supply to furnish one volt as required in paragraph 17, 
Spectral Responsivity. 


n. Relay and relay amplifier to control the one-volt power supply. 
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4. Preliminary Activities 


a. Divide the 15 test items into five groups of three seekers each. 
Designate the groups with letters A through E and number the seckers A), 
A>, Az, By, Bp, etc. through the fifteenth seeker which will have the 
designation of E3. See figurz 13, appendix B for slow diagram of seekers 
through the test program. 


b. Prepare a master log book with permanently bound pages fer each 
seeker and label each log wich the designation of the appropriate seeker. 
Each log book shall contain the clock time far each time power is 
applied to the seeker and the time power is :2moved; there shall be a 
daily up-date of accumulated operating time for each of vhe seekers. 


c. Establish a priority for substituting operational seekers for 
any that may be defective or may suffer a catastrophic failure during 
the test program such that seeker Aj shall be the first to have its 
designation changed to that of the failed item; B3 shail be the second; 
and (3 shall be the third. If more than turee items fail during the 
Lest program, this shall be sufficient grounds to take the position 
that the test item is not suitable for testing. 
test equipment required fur the rest program is 
on hand and is operatiosal prior to start of the first subtest. 


d. Assure that gall 


e. Establish a foider or other container for raw data collection 
and label it Test Data Package. 


{. Observe all warnings, danger signals, and safety precautions and 
install seeker A, in the seeker holding fixture on the rate table accord- 
ing to instructions in applicable documents. 


SECTION II 
TEST PROCEDURES 


5. Gyro Spin-Up Time 


a. Objective. Determine the time required at laboratory ambient 
conditions for the gyro to reach its nominal (regulated) operating speed 
in revolutions per second with the gvro caged. Spin-up time ts indica- 
tive of the condition of the gyro spin bearings. 


b. Standards. Spin-up time of the gyro shall not excced four 
seconds unless a shorter time is specified in the requirements document. 


c. Method. (See paragraph 29) 


pe a er 


cn ha ee | 


1 taal he 


2 ee as 1h beth chain 





i 


Sete OF ahs 


Ae) EPA OAM tA fi MR clad ck {SSS he en aldose A a eA 


At ad nd 


hd 
Sake 


alae 


Ne RAARS. ates 


‘ 


vena. 


oats) aiid: AL 


wat beds det 


Taine elie 








q 

% 

? 

te 3 
Ee 5 June 1973 TOP 5-2-527 3 

: te : j 

E: R (1) Connect the digital frequency meter to measure the fro cuency ; 
is of the a.c. voltage output from the cage coil and connect the stri hart ‘ 

: E recorder to record the output from the cage coil or other source ot a.c- : 
* voltage with frequency equal to gyro spin in revolutions per second, A 

F Refer to figure 2 fer instrumentation and connections. i 

= * x 
foo: (2) Adjust the recorder for a deflection of at least three a 
k . inches; 10 timing marks per second; and chart speed of 20 inches ner = 

aa second. Start the recorder. 


(3) After the recorder is runniug at selected speed, tarn © 
power to the seeker to spin up the gyro; do not uncage the gyra. 


(4) When the gyro specd stabilizes (as indicated by the frequency 
meter) at its nominal operating speed, turn off the recorder; turn off 
power to the seeker. 


(5) Locate, on the recording just completed, the last full one- 
second period; mark the begirnming and end of the period; count the cycles 
of voltage which occured during that period to determine that the gyro was 
operating at its specified regulated speed (if not, adjust the gyro speed 
and repeat steps (2) through (5)). 
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(6) Working toward the beginnin g ot the recording, locate by 
counting cycles of voltage, the first full one-second period recorded 
which contains the required number of cycles to indicate that the gyru 
was running at the proper speed; mark the teginning and end of this 
pericd on the recording. The beginning should be located with accuyacy 
of one-tenth second, 


innine at thea wranewdtia 
a c 


(7) From the beginning of the tiue period just located, ceunt 
the tenth~-second timing marks backward toward the start of the record‘ng. 
Divide the number of marks by 10 to give the gyro spin-up time. 


. 
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d. Data Required. The data requirea is the time ir seconds, accurate 
to 0.1 second, required for the gyro to spin up from z.ro to the nominal 
operating speed in revolutions per second. The test will be perform’d 

. one time on each seekei: in each proup (15 scekers total). The spin-up 
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zime for each seeker, with seeker identification and uther pertinent j 
information, will be entered in the master log book, ‘he strip charts 
: will be taserted in the test data package. : 
? % 
e. Analytical Plan. Compare the measured spin-up times to the ; 
: requirements for spin-up time in the requirements document. Divide the FA 
te smaller number by the largex number and multiply the quctient obtained vy % 
100 co give the percentage by which the test items met the requirements. 3 
Ente. this percentage in the master log for each seeker tested. The j 
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results of this subtest will form base line data to which the operation 
of the seekers will be compared later for determination of degradetion 
which may result from further testing. 


6. Gyro Spin-Up Current 


a. Objective. Determine the current-time envelope during gyro spin- 
up under laboratory ambient conditions. The current-time envelope is 
indicative of the condition of the gyro spin bearings and their lubrica~ 
tion, especially when the envelope made at ambient temperature is compared 
to that made at temperature extremes, 


b. Standards. None applicable. 
c. Method. (see paragraph 29) 


(1) Install a small resistor in the wire from the power supply 
to che gyro spin circuitry to develop a voltage proportional to the load 
required by the gyro drive coils; connect the X-Y recorder and calibrate 
it so that the Y-axis indicates the voltage developed across the resistor. 
Refer to figure 3 for instrumentation and connections. 


(2) Connect the integrating digital voltmeter to measure the 


| 
input to the Y-axis of the X-Y recorder. 


(3) Adjust the X-axis to be driven at two inches per second by 
the duternal time base generator. 


’ 





(4) “Lower the pen ta writing position on the X-Y recorder. 


(5) Simult#neousiy: start the X-Y recorder sweep; turn on gyro 
splo up voltage; and enable the voltmerer in continuous integrate mode. 
Vhe ®-¥ recorder will deaw the envelope of power consumed in ampere- 
seconds and the inteprating digital voltmeter will accumulate the numerical 


wea Tee 


valuc of the ares winder the curve as it is plotted on the X-Y recorder. 


(6) When the gyro speed afabilizes, turn off power to the spin 
cireultry; lift the pen of the X-Y recorder: and disable the integrating 
function of the digital voltmeter. 


(7) Rewove the graph paper from the X-Y recorder and write the 
reading of the integrating digital voltmeter oa the graph paper: add the 
graph paper to the test data package. 


d. Data Requived. The data required are the nvnerical value in 
ampere-seconds of the current-tLime emelope during spin-up of the gyro 
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Figure 3. Instrumentation for Spin-Ulp Current Subtest. 
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and the graph of the envelope as produced by the X-Y recorder. This sub- 
test will be performed one time on each of the seekers in all three groups 


(15 seekers total). Accuracy of measurement will be plus or minus one 
percent. 


«. Analytical Plan. The results of this subtest will be used tu 
form base line data to which the operation of the seekers will be compared 
later for determination of degradation which may result from further 
testing. The ampere-seconds required for spin-up of the gyro will be 
compared to the ampere-hour rating of the missile battery for determina- 
tion of the percentage of the availabie power used for gyro spin-up. 


7. Gyro Spin-Down Time. 


a. Objective. Determine the time required under laboratory ambient 
conditions for the gyro to spin down from its regulated speed to the 
minimum speed which allows for satisfactory operation as specified in the 
requirements document.* 


b. Standards. None applicable except that spin-dowt time shall be 
not less than the specified maximum time cf flight of the missile. 


c. Method. (see paragraph 29) 


(1) Connect the digital frequency meter to measure the frequency 
of the a.c. voltage output from the cage coil and connect the strip 
chart recorder to record the output from the cage coil or other source 
of a.c. voltage with frequency equal to gyro spin in revolutions per 
second. Refer to figure 2 for instrumentation and connections. 


(2) Adjust the recorder for a deflection of at least three inches; 
10 timing marks per second; and chart speed of 20 inches per second. 


(3) Apply power to che seeker ard gyro spin-up circuitry. 


“la as: 


(4) Apply powe. to che seeker holding fixture te roll the seeker 
at the nominal roll rate of the missile as apecified in the requirements 
document. Omit this step when testing seekers which are used with missiles 
that do not roll during flight. 


(5) When the gyro has stabilized at ites regulated operating 
speed, turn on the etrip chart recorder. When the recorder reaches the 
selected operating e,eed, uncage the gyro. 





*This suvtesi is omitted for seekers which have the gyro spin pov'ered 
during flight of the misaile,. 
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(o) Turn off power to the gyro spin circuitry and allow the 
gyre CoO coast down to a speed below which it will not operate within 
specit ieations. 


(7) Turn off the strip chart recorder and the remainder of the 
secker power, 


(8) By counting cycles contained in on: cocond periods in the 
recording, locate the beginning and end of ine first one-second period 
which contains the number of cycles corresponding to the lowest operating 
gyro speed as specified in the requirements document. 


(9) From the beginning of the one-second period just located, 
count the tenth-second timing marks to the point on the recording where 
the gyro spin power was turned off, Divide the number of marks by ten 
to give the gyro spin~lown time, 


d. Data Required. The data required 1s the time in Seconds, accurate 
to 0.1 second, required for the gyro to coast down from nominal operating 
speed to the lowest specd at which the gyro will operate within specifi- 
cations. This test will be performed one time on each seeker in each 
group (15 seekers total). The spin-down time for each seeker will be 
entered in the master log book, The strip charts will be added to the 
test data package. 


e, Analytical Plan. Compare the measured spin-down times to the 
specified spin-down time in the requirements document. Divide the smaller 
number by the larger number and multiply the quotient obtained by 100 to 
give the percentage by which the test items met the requirement. Enter 
this percentage in the master log for each seeker tested. The results 
of this subtest will form base line data to which the performance of 
the seekers will be compzred later for determination of degradation which 
may result from additional testing. 


8. Maxiwum Look Angle. 


a. Objective. Determine the maximum angic which ile gyro can make 
with the longitudinal axis of the seeker, Prepare a calibration curve of 
seeker cage coil output versus lock angle. 

b. Standards. None applicable. 


c. Method. (See paragraph 30) 


(1) Connect the cage coil rectifier input to the output of the 
seeker cage coll. 
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(2) Connect the X-Y recorder so that the cage coil rectifier 
output drives the Y-axis and the look angle position of the infrarod 
souree fs indicated on the X-axis, to right of center for clockwise look 
angle and left of center for counterclockwise look angle. Refer to 
figure 4 for instrumentation and conuections. 


(3) Apply power to the seeker and allow che gyro to spin up to 
its regulated speed. 


(4) Enable detector cooling equipment. 


(5) When the seeker acquires the target, uncage the gyro, lower 
the pen of the X-Y recurdsr and energize the lovk angle drive to increase 
the look angle clockwise. The X-Y recorder will draw the calibration 


curve of cage coil output versus look angle from zero -cgreesy to maximum 
clockwise. 


(6) When the infrared source reaches maximum look angle position 
lift the recorder pen, cage the gyro, and reset the look angle to zero, 


(7) Repeat steps (5) and (6) driving the infrared source to 
maximum counterclockwise look angle pusition. The recorder will draw the 
left. portion of the curve which should bo «a mirror image of the right 
portion draw in step (5). 


- eE 


(8) Turn off power to the seeker. 


(9) Note the reading in degrees at the end point of each curve 
and enter in the master log book as maximum look angle. Leave the graph 
paper on the recorder for use in the next subtest (para 9). 


*(10) Place a new sheet of graph paper on the X-Y recorder, rotate 
the seeker 30 degrees about its longitudinal axis and repent steps (3) 
through (9). 


{11) Repeat step (10) until the seeker bas been rolled through 
150 degrees. 


d. Data Required. The data required are the maximum angular travel 
of the gyro optical system in reference to the longitudinal axis of the 
seeker expressed in degrees, and a calibration curve cf seeker cage coil 
output voltage versus look angle. This test will be performed one time 
on each of three seekers (A,, B,, and C)); accuracy of measurement slall 
be plus or winus 0.25 degrees for look angle and plus or minus one per- 
cent for voltage output. 





*Steps (10) and (11), or portion thereof, may be omitted at the discretion 
of the test conduc: or. 
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e. Analytical Plan. Compaie the readings obtained for maximum look 
angle to the specification for maximum look angle in the requirements 
document and determine the percentage by which the test item met the 
requirement; find che average of the readings obtained from the subtest 
and compare this number to that in the requirements document, The graph 


of cage coil output will be used in subsequent subtests for readout of 
look angle. 2 


9. Recovery Time, 


a. Objective. Determine the time required at laboratory ambient 


conditions for the precession circuitry to cage the gyro from maximum 
look angle position. 


b. Standards, None applicable. 
i 
c. Method. (See paragraph 30) i 


(1) Connect the cage coil rectifier input to the output of the ; 
seeker cage coil. 


(2) Connect the X-Y recorder so that the cage coil rectifier 
output drives the Y-axis and the look-angle position of the infrared 
source is indicated on the X~axis, to right of center for clockwise 
look angle and left of center for counterclockwise look angle. Refer 
to figure 4 for instrumentation and connections. A grapk made in the 
previous subtest should be on the X-Y recorder, which is used as a 
readout device during the subtest. 


teen ae eri Dee 


(3) Apply power to the seeker and allow the gyro to spin up to 
its regulated speed; enable detector coolin,. 


jd cs Wd ota aa 


(4) When the seeker acquires the target, uncage the gyro and 
energize the look-angle drive to position the infrared source to maximum 
clockwise LooK afgie as indicated by the X-Y recorder. Do not exceed 
the maximum look angle determined in paragraph 8 subtcet. 


oa Babe 


(5) When the infrared source has reached the maximum look angle, 


turn off the lock-angle drive; simultaneously start the timer and cage | 


the gyro. 


(6) Stop the timer when the look angle becomes zero as indicated 
by the Y-axis of the X-Y recorder. 


— ted asaeiat! aie Se ate tae BR 


(7) Read the elapsed time on the timer and record this number in 
the master log book as recovery time. 
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(8) Aunotate the graph paper with maximum look anglo, tecovary 
tine in seconds, seeker identification, and any other pertinent informe 
tion and add it to the test data package. 


d. Data Required. The data summary required is the time in seconds 
requlred for the caging function to occur starting with the gyro at 
maximum look angle and ending with the gyro axis aligned with the longi-~ 
tudinal axis of the seeker. The accuracy for meesurement shal] be plus 
or minus 0.25 second. This subtest will be performed one time on each 
of the seekers used in paragraph 8 (A), By, end C)). 


e. Analytical Plan. Compare the readings obtained for recovery time 
to the specifications in the requirements document and determine the per~ 
centage by which the test item meets the requiremert. Recovery time, in 
conjunction with maximum slew rate (paragraph 10), is a limiting factor 
in the minimum elapsed time between the decision to fire and the time of 
actual firing of a missile with an infrared secker. 


10. Maximum Slew Rate. 


a. Objective. Determine the maximum slew rate to which the seeker 
can be subjected without tumbling the gyro. 


b. Standards. The seeker will be capable of precessing the gyro 

sufficiently fast that the time to sley the secker through 150 degrees 

plus the recovery time determined from the previous subtest (paragraph 

9), when added together, shall not exceed a total of three seconds elapsed 
time; the gyro shall not lag the axis of the seeker by more than 2C degrees 
during slewing test. This shall be the standards for absolute maximum 
slew rate except when the requirements documents specify more stringent 
requirements on the seeker. 


c. Method. 

(1) Connect the X-Y recorder so that cngular velocity of the 
rate table drives the X-axis of the recorder and the output of the cage 
coil is indicated on the Y-axis of the recorder. 

(2) Apply power to the seeker; do not uncage the gyro. 

(3) Select an acceleration rate of 10 degrees per second per 


second for the rate table; lower the pen on the X-Y recorder; and start 
the rate table clockwise, 
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(4) Refer to the calibration curve cf look angle versus cage 
coll quiput obtained in paragraph 8 to determine when the gyro lage the 
Youaxttudinal axis ef the seeker by 20 degrees (look angle is 20 degrees). 
When the Jook angle is equal tc 20 degrees as indicated by the Y-axis of 
the X-¥ recorder, select zero acceleration for the rate table in order to 
inaintatn that velocity which caused the look engie to be 20 degrees. 

The recorder pen should stop moving in both directions, If the look 
angle changes, make minor changes to the rate of the table to cause the 
look angle to remain at 20 degrees. Note the rate of the table and enter 
tiie in the master log book as maximum slew rate clockwise. 


(5) Lift the pen of the X-Y recorder; stop the rate table; turn 
off power to the seeker; and remove the grapk paper and add it to the 
test data package. 


(6) Install new graph paper on the X-Y recorder and repeat steps 
(2) through (5) with the rate table operating counterclockwise. 


(7) Install new graph paper on the X-Y recorder; rotate the 
seeker 10 degrees about the longitudinal axis and repeat steps (2) through 
(6} for each roll position of the seeker until the seeker has been rotated 
through 180 degrees (increments of roll can be made Jarger at the dis- 
cretion of the test officer but not to exceed 45 degrees). 


d. Data Required. The data required is the maximum slew rate of the 
seeker which will c¢.use the look angle of the gyro te approach, but not 
exceed, the maximum specified look angle. This subtest will be performed 
one time on each of three seekers (A>, Bo, and Cy). The accuracy of 
measuring the rate of the table will be plus or minus ome degree per 
second and the accuracy of measuring the cage coil output will be plus or 
minus three percent. The table rate corresponding to 20-degree look angle 
will be entered in the master log book for each roll position of each seeker 
tested. Each graph resulting from this subtest will be annotated with 
seeker identification and other pertinent information and will be added to 
the test data package. 


e. Analytical Plan. Compare the maximum slew rate as determined 
above to the specifications in the requirements document and calculate 
the percentage by which the seeker meets the requirement. Calculate 
the time required to slew the seeker through 180 degrees at maximum slew 
rate and determine whether this time added to the recovery time measured 
in paragraph 9 is more or less than the time specified in paragraph b. 
above. 
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ll. Gyro Drift, 

a. Objective. Determire the rate of gyro drift by recording the 
change, with time, of the angle which the gyro makes with the longitudinal 
axis of the seeker when the gyro is operating uncaged and without an 
infrared input to the optics of the seeker. 

b. Standards. None applicable. 

c. Method. 


(1) Connect the X-Y recorder so that the cage coil output drives 
the Y-axis and the internal time base generator drives the X-axis. 


(2) Apply power to the seeker and allow the gyro to spin up to 
its regulated speed; enable detector cooling. 


(3) When the seexer acquires the target, uncage the gyro and set 
the look angle at ten degrees, 


a SAO eR DO AH A ES ESAS RO NENRED, IRAE ITT TN EE I STINT cE LEP ELS— 


(4) Adjust the sensitivity of the X-Y recorder to give three 
inches of deflection of the Y-axis for one degree of change of look angle, 


(5) Apply power to the seeker holding fixture to roll the seeker 
at the nominal roll rate of the missile as specified in the requirements 
document. Omit this step when testing seekers which are used with missiles 


that do not roll during flight. 


(6) Simultaneously: cover the seeker optics to exclude infrared 
energy; lower the pen on the X-Y recorder; start the X-axis time drive; 
and (if the missile flies without power to spin the gyro) turn off gyro 
spin voltage. The X-Y recorder will draw a graph of look angle change 
(gyro drift) versus time. 


(7) When the graph is finished lift the pen of the recorder, 
turn off the power to the seeker, and remove the graph paper from the 
recorder. 


d. Data Required. The data required are the amount of look angle 
change (gyro drift) during the time period of the subtest and an 
extrapolation of the data to apply to a time period of one hour. Enter 
the results in the master log took. Annotate the graph with the seeker 
identification and other pertinent information and insert in the test 
data package. This test will be performed one time on each seeker in 
each group (15 total). Accuracy cf measurement will be plus or minus 
one percent. 
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e, Attalytical Plan. Evaluate the effects of any detectable gyro 
drift on in-flight performance of the seeker considered in conjunction 


with the field-of~view (paragraph 14), static gain (paragraph 16), and 
tracking capability (paragraph 20). 


12. Signal-to-Noise Ratio. 


a. Objective. Determine the infrared energy level required to cause 
the signal plus noise to be twice the value of the noise alone. 


b. Standards. None applicable, 
c. Method. (see paragraph 31). 


(1) Apply power to the seeker and cover the optics to block 


infrared energy from the detector. Apply power to energize the seeker 
detector cooling, es applicable. 


(2) Connect the VIVM, adjusted to a suitable scale, to measure 
the output of the detector preamplifier or other point in the electronics 


not affected by Automatic Gain Control (AGC) action. Refer to figure 5 
for instrumentation and connections. 
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1 (3) Note and record the outnur as indi 
NL! the dark-cell noise of che seeker, 


(4) Remove the cover from the seeker optics and allow infrared 


energy from the collimated source to irradiate the seeker optics; uncage 
the gyro. 


(5) Adjust the temperature of the black body, the diameter of 
the exit aperture, and the infrared attenuators, as required, to irradiate 
the seeker optics with that amount of energy required for the VIVM 


: reading to be exactly twice as great as the reading obtained for dark- 
cell noise, 


(6) Using the information determined in step (5) and the table 
of black body radiation functions (appendix A, reference 1), calculate 
the amount of infrared energy impinging on the seeker optics required for 
a Signal plus noise-to-noise ratio of 2 to 1. This is the threshold level 


of broad band radiant intensity required for dependable operation of the 
secker. 


NOTE: Broad band radiant intensity is not directly relatable to energy 
emitted from a realistic infrared target which emits in lines and bands 
with spectral distribution of an unknown nature. 
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Figure 5. 
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d. Data Required. The data required are the VIVM reading for dark- 
cell noise of the detector with accuracy of -lue or minus 0.5 percent 
and the infrared energy level, in watts per unit area of the collecting 
optics, as calculated from c(6) abcve. The infrared energy level will 
be referenced back to the black body unpolarized emittance expressed in 
‘ watts per square centimeter per steradian. All calculations will he 
shown, including values for the diameter of the exit aperture, the 
attenuation of each neutral density filter, and che focal length of the 
collimatiag mirror with its percentage of reflectance. This subtest 
will be performed one ‘'-ne on each seeker in each group (15 total). 


e. Analytical Plan. Compare the dark-cell noise figure and the 
calculated infrared levels to like values specified in the requirements 
document and determine the degree by which the seeker meets the require- 
ments. 


13. Ccol-Down Time. 


a. Objective. Determine the amount of time required for the infrared 
detector toe cool down to its operating temperature. * 


b. Standards. The time required for the detector to cool down to 
ats Gperutiug temperature shaii not be greater than the time required 
i for the gyro to spin up to specified operating speed. 


c. Method. (See paragraph 31). 


(1) Use the same test equipment and connections as in paragraph 
12 (signal-to-noise ratio subtest). Adjust the infrared source to 
output the same level of energy as determined in paragraph 12c(6). 
Position the source at zero look angle. 


(2) Apply power to the seeker aid allow the gyro to spin up to 
its operating speed. 


(3) Simultaneously start tne timer and apply power to energize 
the detector cooling. Observe the reading on the VIVM. 


(4) When the VIVM reading reaches the value of twice the dark- 
cell noise, stop the timer, 


(5) Read the elapsed time and enter in the master log book as 
cool-down time. 





— 


*Omit this subtest for seekers which operate with uncooled detector. 
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. Refer to figure 6 for instrumentation and connections, 
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d. Data Required. The data required is the time in seconds as read 
from the elapsed time meter required for the detector cooling to reduce 
the temperature of the detector to its operating temperature. Accuracy - 
of measurement shall be plus or minus one percent. This subtest will be 3 
performed one time on each seeker in each group (15 total). 


e,. Analytical Plan. Compare the measured cool-down time with the 
epecified cool-down time in the requirements document and determine the 
percentage by which the seeker meets requirements; compare the measured 
time to the spin-up time measured in paragraph 5 and determine the per- 
centage by which the secker meets the standards. 


14. Field-of-View. 


a. Objective. Determine the instantaneous field-of-view of the 
infrared detector "locking through" the gyro-optical system of the 
seeker, 





b. Standards. None applicable. 4 
c. Method. 


(1) Connect the Y~axis of the X-Y recorder to indicate the out- 
put of the detector preamplifier or other point in the electronics not 
affected by AGC acticn. Connect the X-axis of the recorder to indicate 
the look-angie position ef the coliimated dafrared source. Adjust the 
recorder so that zero look angle ig indicated in the center of the X-axis. 


(2) Connect the VIUM to indicate the output of the detector 
preamplifier. 


(3) Apply power to the seeker and adjust the inivrared source for 
‘dvradiation of the ecckher aptics with the energy level required for a 
Signal-to-noipse ratidu of 2:1 us indicated by the VIVM. (see paragraph 
12c(5) above). 





(4) Apply powsr to energize detector cooling; do not uncage the 
gyre. 


(9) Lawet afte pen of the recorder and energize the look-angle 
drive te move Che cold dmated infrared source clockwise at 0.1 degrees 
per gusond., Ae tin faok angle docreases, the Y-axis of the K-Y recorder 
wlll fucragea to the peak and thea decrease to zero when the source parses 
Gul of the €luld-ob-view of the seeker. When the curve is completed, 
Vite the pen of the #-Y recorder and return the infrared source to zero 
look angie, 
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(6) Repeat step (5) with the look angle increasing counterclock- 
wise from center to complete the other half of the graph. (Refer to 
figure 7 for typical curve). 


(7) Lift the recorder pen; turn off power to the seeker and zero 
the look-angle drive. Remove the graph paper from the X-Y recorder. 


(8) Examine the graph just completed and determine the value of 
the maximum voltage at each of the (major) peaks; one on each side of 
center. If the peaks are not the same value, find the average of the two 
and cali this “peak voltage". Find the points on the graph (there will 
be at least two on each half of the graph paper) where the Y-axis voltage 
is equal to one-half the value of “peak voltage". Determine the distance 
in degrees between the two points just found; this is the instantaneous 
field-of-view of the seeker detector. 


(9) Enter the value found for the field-of-view in the master 
log book. Annotate the graph paper for seeker identification and any 
other pertinent information and add it to the test data package. 


d. Data Required. The data required is the instantaneous field-of- 
view of the infrared detector expressed in degrees with accuracy of plus 
or minus 0.05 degrees. This subtest will be performed one time on each 


of three seekers (A,, By, and C)). 


e. Analytical Plan. Compare the measured field-of-view with the 
field-of-view specified in the requirements document and determine the 
percentage by which the seeker meets the requirement. 


15. Caging Accuracy. 


a. Objective. Determine che accuracy with which the gyro caging 


mechanism aligns the axis of the gyro with the longitudinal axis of the 
seeker. 


b. Standards. None applicable. 


c. Method. 


(1) Connect the Y-axis of the X-Y recorder to indicate the out- 
put of the detector preamplifier or other point in the electronics not 
affected by AGC action. Connect the X-axis of the recorder to indicate 
the look-angle position of the collimated infrared sources, Adjust the 
recorder so that zero look angle is indicated in the center of the X-axis. 
Refer to figure 6 for instrumentation and conneccions. 


(2) Connect the VIVM to indicate the output of the detector 
preamplifier. 
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(3) Make substitutions in attenuators or black body apertures 
(or both) as required to provide irradiation of the seeker optics with 
four times as much infrared energy as is required for a signal-to~noise 
ratio of 2:1.* 


NOTE: The amount of energy required cannot be determined by means of the 
VIVM readings, however, the VTVM shall be observed to assure that AGC 
action does not prevent an increase in detector output for an increase 

in infrared input. 


(4) Apply power to the seeker and allow the gyro to spin up to 
its operating speed; enable detector cooling; do not uncage the gyro. 


(5) Energize the look-angle drive and position the infrared 
source at a clockwise look angle greater than one-half the field-of~view 
determined in paragraph 14. 


(6) Lower the pen of the X~Y recorder and drive the infrared 
source counterclockwise at 0.5 degree per second to a counterclockwise 
look angle greater than one-half the field-of-view. The X-Y recorder 
will draw a graph similar to that obtained in paragruph 14c(6) except 
that the middle dip may not be in the center of the X-axis of the graph. 


(7) Lift the recorder pen, stop the look--angle drive, turn off 
power to the seeker, and remove the graph paper from the recorder. 


(8) Examine the graph just completed and determine how far, if 
at ail, the middle dip is offset (in degrees) from the center of the 
K~anis of the graph. 


(9) Rotate the seeker 10 degrees about its longitudinal axis and 
repeat steps (4) through (8). Repeat this step until the seeker has heen 
rolled through 350 degrees. 


(10) Locate the two graphs which show the middle dip offset from 
center by the largest amount; one will be offset to the right and one 
will be offset to the left; the two graphs will correspond to roll posi- 
tions separated by 180 degrees. The absolute value of the offset should 
be equal; 2f not, find the average (disregarding direction of offset) of 
the two values; this is the caging accuracy of the gyro; enter this number 
in the master log book, Annotate the graphs with seeker identifications 
and other pertinent information and add them to the test data p-:ckage. 


d. Data Required. The data required is the caging accuracy of the 
seeker, expressed in degrees with accuracy of plus or minus one percent. 
This subteet will be performed one time on each of three seekers (Aj, 
Py, and Cj}. 


*DO NOT change the temperature of the black body in the collimated infrared 
source. x 
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e. Analytical Plan. Compare the measured caging accuracy to the 
specified caging accuracy in the requirements document and determine 
the percentage by which the seeker meeta the requirements. 


16. Static Gain. 


a. Objective. Determine the static gain characteristics (volts per 
degree) of the seeker by measuring the detector output (in volts) for 
various pointing error (in degrees) within the limits of the instantaneous 
field-of-view of the detector. 


b. Standards. None applicable, 


c. Method, 


(1) Locate the graph made in the field-of-view subtest (para- 
graph 14), and determine the average slope of the curve from zero to 
maximum in each direction from the center of the X-axis. Using a 
stralpht edge, draw a line to represent the slope of the actual curve 
as produced by the X-Y recorder. 


(2) Express the slope of each straight line as volts per degree; 
find the average of the two and enter in the master log book. 

(3) Repeat the procedure in steps (1) and (2) for each curve 
obtained in the caging accuracy subtest (paragraph 15) and enter the 
results in the master log book. 


(4) Find the average of all the slopes so far determined and 
enter this number in the master log book as the average static gain of 
the seeker cxpressed in volts per degree. 


(5) In some applications involving computer programming, it is 
more desireabie to have access to the actual slope rather than the average 
Slope; therefore, ine originaj graphs shall be preserved for inclusion 
in the report of test. 


d. Data Required. The data required are the values of the maximum 
slope, minimm salope, and average of all the slopes of detector output 
versus pointing error exessed as volts per degree. The value of the 
average slope is the average static gain of the seeker. The graphs will 
be preserved for possible use in those computer operations which require 
the instantaneous static gain as a function of pointing error. Accuracy 
of measurement shall be plus or minus one percent. 


e. Analytical Plan. The average static gain will be compared to 
the static gain specified in the requirements document and the percentage 
by which the seeker meets requirements will be compared tv the tolerances 
specified in the requirements document and the significance of variations 
from requirements will be evaluated. 
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17. Spectral Resporsivity. 


a. Objective. Determine the response of the seeker (volts output) 
to infrared energy input (irradiation on the seeker for optics) as a 
function of wavelength within the wavelength passband of the seeker. 


b. Standards. None applicable, except that the half-power points 
may be given in the requirements document as the short wavelength and 
long wavelength limits of the infrared passband of the seeker. 


c. Method. 


(1) Remove the seeker and its holding fixture from the rate 
table and mount them so that the seeker optics are irradiatcec by the 
beam of collimated infrared energy from the infrared signal generator. 


(2) Connect the VTVM to measure the output of the detector 
Preamplifier as in paragraph 12c(2). Adjust the wavelength and amplitude 
of the infrared genera:or such that the seeker is irradiated with energy 


. its passband and the output of the seeker is the same as in paragraph 
12c(5). 


(3) Connect the seeker output to the automstic amplitude a 
input of the generator so that the in frared output will be adjusted to 


keep the seeker output constant with changes in wavelength of the infrared 
generator. 





ra Hl et we 


(4) Connect the output voltage of the infrared generator (which 
ds proportional to amplitude of the infrared output) to the Y-axis input 
of the X-Y recorder. Connect the wavelength-drive voltage output of 
the generator to the X-axis of the X-Y recorder. 


aie ile taczaaaie' 


(5) Connect the magnetic tape recorder so that the voltages 
appearing at the X and Y inputs of the X-Y recorder will be recorded on 
aniels i and Z, respectively, of the tape recorder, 


(6) Connect the power supply and relay amplifier so that a one- 
volt d.c. level will be recorded on channel 3 of the magnetic tape 
recorder whenever the detector output exceeds 75 percent of the value 
of voltage determined in step (2) above. Refer to figure 8 for instru- 
mentation and connections. 


. ye hee : 
ae wad Batis BR eo 


(7) Apply power and cooling to the seeker end allow the gyro to 
spin up to its regulated operating speed. Set the wavelength of the 
infrared generator just outside the passband of the seeker. 


(8) Energize the automatic wavelength drive of the infrared 
8enerator and allow it to scan through the infrared passband of the 
seeker, Lower pen of the X-Y recorder. Start the magnetic tape 
recorder in record mode at 15 inches per second. 





+ 
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(9) Apply power to the seeker holding fixture to roll the seeker 
at its nominal roll rate aa specified in the requirements document. Omit 
this step when testing seekers which are used with missiles that do not 
roll during flight. 


(10) Uncage the gyro when the infrared generator outputs energy 
within the passband of the seeker as indicated by an increase in the 
reading of the VIVM. 


(11) Observe the VIVM during the remainder of the subtest to 
assure that the voltage output of the seeker remains at the value set in 
step (2) above. The X-Y recorder and the magnetic tape recorder will 
record the inverse of the seeker response curve versus wavelength across 
the infrared passband of the seeker. The magnetic tape recorder will, 
additionally, record a signal between the half-power points thereby 
identifying the short wavelength and long wavelength limits of the 
infrared passband of the seeker. 


(12) When the graph is finiened; lift the pen of the X-Y recorder, 
cage che gyro, turn off power to the infrared generator, the recording 
equipment, and the seeker. 


(13) Rewind the magnetic tape recorder. 


(14) Remove the graph from the X-Y recorder and mark the short 
and loug wave limits of the passband of the seeker as 4; and A» respec- 
tively. 


(15) In the Table «f Blackbody Radiation Functions (appendix A, 
reference 1), find the blaci. body temperature which was determined in 
paragraph 12c(5) and read the value of the integral of N,d between 
the wavelengths determined in step (14); find the wavelength of peak 
radiation and the value of the radiation at this wavelength; also, find 
the value of radiation ac esch tenth-micron interval from \,; to Ay. Plot 
the biack body output curve on two-cycle semilog graph paper with linear 
X-axis. See figure 9 for an example of a typical curve. 


(16) Connect the reproduce output number 1 of the magnetic tape 
recorder to drive the arbitrary function gencrator (AFG), the X-axis of 
X-Y recorder #1, and the X-axis of X-Y recorder #2, (S€@ figure 10.) 
Connect output number 3 of the tape recorder tc the integrating digital 
voltmeter (IDVM) so that the one-volt level recorded in step (11) will 
enable the integrate function of the IDVM between ), and )>. 


(17) Connect the output of the AFG to the input of operational 
amplifier number 1 (Op Amp #1); che output of the Op Amp #1 to the input 
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of logarithmic amplifier numbey 1 (Log Amp #1); and the output of Log 
Amp #1 to the Y-axis input of X-Y recorder #1. Connect the output of 
Op Amp #1 also to input #2 of the voltage multiplier through switch S2 
in position l. 


(18) Connect output #3 of the tape recorder to input #1 of the 
multiplier through $1 in position 1. Connect the output of the multi- 
plier to input of Op Amp #2 and the output of Op Amp #2 to the input of 
Log Amp #2. Connect the output of Log Amp #2 to the Y-axis input of 
X-Y recorder #2. 


(19) Connect the output of Log Amp #2 to the input of Op Amp #3 
and the output otf Op Amp #3 to the input of the IDVM. (The output of 
Op Amp #3 is the voltage to be integrated by the IDVM during integrate 
enable period, between A, and Aj.) 


(20) Connect the integrate enable line (output #3 of the tape 
recorder) to the pen lift circuitry of X-Y recorder #2 so that the X-Y 
recorder will write only when the tape recorder is reproducing the infor- 
mation recorded between ; and Ao. 


(21) Locate the black body curve which was plotted in step (15) 
eit 


. = 
eon X-¥ recoider #1. 


(22) Energize the tape recorder and reproduce the tape which was 
recorded in step (11). While the tape is playing, adjust the AFG and the 
gain of Op Amp #1 so that X~Y recorder #1 will retrace the pre-plcetted 
black body curve; rewind the tape recorder. 


(23) Repeat step (22) and adjust the multiplier and the gain of 
Op Amp #2 so that X-Y recorder #2 draws (from A, to Ay only) the curve 
which is plotted in step (15). Since the output of the multiplier is 
the product of the output of Op Amp #1 times one volt from output #3 
of the tape recorder, the voltage at the Y input of X-Y recorder #2 
should be identical to that at the Y input of X-Y recorder #1. 


(24) Repeat step (22) and adjust the IDVM and the gain of Op 
Amp #3 so that the IDVM will accumulate a value of volt-seconds equal 
to the numerical value of the integral determined in step (15) in watts. 
The operation of the system of figure 9 is such that X-Y recorder #2 will 
draw the curve of spectral emittance of the black body used in the sub- 
test of paragraph 12 (signal-to-noise ratio) with accurate calibration 
of the Y-axis in watts per square centimeter per steridian per micron, 
and wavelength in microns on the X-axis; also, the IDVM will read the 
walue of the area under the curve in watts per square centimeter incident 
on the dome of the seeker. 


(25) Connect output #2 of the tape recorder to the input of Op 
Amp #4 which is an inverting amplifier, the output of which is the spectral 
response of the seeker. Connect the output of Op Amp #4 to input #1 of 
the multiplier through S1 in position #2. 
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(26) Repeat step (22) and adjust the galn of Op Amp #4 such that 
the IDVM will accumulate the same value of volt--seconds as in step (24). 
The curve plotted on X-Y recorder #2, using the same calibration for the 
Y-axis as in step (23), will show the amount of infrared energy at each 
wavelength which is required for a 2 to 1 signal plus noise-to-noise 
ratio. 


d. Data Required. The data required are the graph of seeker respon- 
sivity in terms of the level of infrared energy in watts per unit area 
on the optice required at each wavelength for a signal plus noise-to- 
noise ratio of 2 to 1; also required are the wavelengths of the half- 
power points (A, to A2) which establish the limits of detector sensitivity. 
This subtest will be conducted one time on each of the seekers (15 total). 
Accuracy of measurement shall be plus or minus five percent. 


e. Analytical Plan. Compzre the measured half-power points to the 
wavelength limits specified in the requirements document; determine the 
degree by which the seeker meets the requirements. The graph of spectral 
responsivity will be used in a later subtest in conjunction with measured 
data from tactical targets to determine which of those targets can be 
acquired and tracked by the seeker. 


18. Intercept Ability. 

a. Objective. Determine the ability of the seeker to acquire and 
track a given infrared target under specified conditions of weather and 
geographical locations. 

b. Standards. None applicable. 


c. Method. 


(1) Use the same instrumentation and connections shown in figure 


eM 204 Sue eee 


(2) Obtain a graph of the spectral emittance of the given infrared 
tactical target ard place it on X-Y recorder #1. 


(3) Turn on the tape recorder and reproduce the tape which was 
recorded in step (11), paragraph 17c; adjust the AFG to reproduce the 
curve on X-Y recorder #1. 


(4) Rewind the tape recorder. 


(5) With S1 in position 2 and $2 in position J., play the tape 
recorder and observe the IDVM reading accumulation between A; and dp>- 
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(6) Rewind the tape recorder and note the reading of the IDVM; 
if it indicates a value larger than the value obtained in step (24), 
paragraph 17c, the output of the tactical target under consideration is 
greater than that required for a signal plus noise-to-noise ratio of 
2 to 1 at the dome of the seeker and the seeker wil] acquire and track 


that target under the atmospheric conditions at the time of measrrcment 
of the target. 


(7) Repeat step (3) and adjust the A‘G to introduce additional 
attenuation in the target emittance to simulate effects of range, weather 
conditions, and geographical location as required. 


(8) Repeat steps (4) through (6) and evaluate the effect on 
signal plus noise-to-noise ratio resulting from changes made in step (7). 


(9) Repeat steps (7) and (8) as required to satisfy any require- 
ments for evalution of intercept ability. 


d. Data Required. The data required are a list of tactical targets 
and conditions of operation 01 each which provide a signal plus noise- 
to-noise ratic of 2 to 1 or greater in the seeker. Also required is a 
list of conditions, for otherwise suitable targets, under which the 
seeker will not acquire and track satisfactorily. This subtest does 
not require additional seeker operating time; it is performed using data 
recorded in the previous subtest. Accuracy of measurement shall be 


plus or minus five percent. 
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e. Analytical Plan. The data collected from testing in the labora- 
tory will be used to determine the course and degree of testing in the 
field. It can be determined in the laboratory which targets and inder 
what conditions the seeker can acquire and track. The data will also be 
used to establish the requirements for simulating tactical infrared 
targets for further laboratory and field testing. 
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19. Gyro Spin versus Slew Rate. 


a. Objective. Determine the effect of slew rate on gyro spin fre- 
quency at various look angles. 





b. Standards. None applicable. 
c. Method. 


(1) Connect the X-Y recorder so that gyro spin frequency is 
displayed on the Y-axis and the X-axis is driven by the internal time 
base generator. Also connect the output of t*e detector preamplifier 


weak ofthat len tac 
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‘69 that the presence of acquisition signal will lower the pen af the 


t 
A 


yo? 


=e (7) Stowltaneously stert the rate tahle turning clockwise and 


re 


(_. 


Y 


_.wecorder; loss of the target will cauue the pen to raise and stop . / i 


writing. 


(2) Adjust the attenuators in the tufrured suurce to provide 
the same amount of energy to the seeker a8 was ufed in paragraph 15¢(3). 


-¢ 


(3) Apply power to the erekey and allow the pyro to sarin up to ort 
its regulated value; uncage che gyro whew it Acquiies Lhe target. Vo hi oe 
(4) Energize the look angie drive acd position the rarget. at ey 


20 degrees clockwise from the longitudinal axie of the segker, at 
* (5) Select an acceleration rate of LO degrees per sevond per 
second for the rate tabic and velocity of ten degvees per second; 


_ Select an appropriate time scale faz the X-axis of the R-¥ recorder. hon & Lon 


(6) Tyrn off power to the gyro drive circuitry. Omit. this 
step it the seeker normally flies with gyre spin power on. a 


’ Dy i tes 


energize the X-axis dy ve of the X-¥ recorder. The X-Y recorder will 
draw a gravh cj gyro spin frequency change with time. Allow the test 
-_ = BD. 


_to continue until the seeker loses track of the ‘carget or until the cpin 
frequency stabilizes at some constant value. | el, Oa 5 Ste 


48) Wher the graph is finished, stop the rate table; turn off 
the X-2 recorde;; turn off power to the seeker; reset the look angle to 
Zero, ‘ ae get : ae oe a A Neat * 

(9) Remove the gruph pape: fiom the X-¥ recorder and annotate it 
with rate table acceleration and velovity, Look angle, seeker Identifica- 
tiou, and gther pertinent information. +) | ec « tee pe Or 

{10> Fue new grap paper on the X~¥ recorder and repeat steps , 
(3) theough (9) seven times using rave table velocities of 0.5, 1.0, 2.0, 
4.0, 8.G, 15.0, and 20.0 degrees per secund. See figure 11 for simulated dat 
representation of the fsndly of curves to be expected, 0): an ea aes, 

(11) Repeat step (10) five times with look angles of zeco, 9.0, 5° 
10.0, 15.0, and 30 degrees clockwise. | : -_ aes 

(12) kepeat step (11) with the rate tably turning counteselack aa 


peed ' 


wise in each instance. as ie 
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d. Data Required. The data required are a graph showing the effect 
of slew rate on gyro spin for each condition of look angle and for each 
acceleration rate of the rate table. The length of time that the seeker 
will track at each of the 96 conditions shall be extracted from the graphs 
for use with the test data from the subtest of paragraph 20. Accuracy 
of measurement shali be plus or minus 0.5 percent. This subtest shall be 
_performed on three seekers (A), B), and Cj). 


e. Analytical Plan. Limitations to tracking ability imposed by time 
and gyro spin frequency will be analyzed in conjuction with results from 
other subtests to determine the overall performance characteristics of 
the seeker during flight. 


20, Maximum Tracking versus Gyro Spin. 


a. Objective. Determine the maximum tracking rate at 2:1 signal- 
to-ncise ratio and various look angles. 


b. Standards. None applicable. 
Ce Methods. 


(1) Connect the X-Y recorder so that gyro spin frequency is 
displayed on the Y-axis and the X-axis is driven by the internal time 
base generator. Also connect the output of the detector preamplifier 
wo that the presenc; of acquisition signel will lower the pen of the 
recorder; loss of the target will cause the pen to raise and stop 
writing. 


(2) Adjust the attenuato.'s in the infrared source to provide 
the same amount of anergy to the sceker as was used in paragraph 12 
(Signal-to-Nodae Ratio). 


(3) Apply power to the eveker and allow the gyro to spin up to 


its regulated value; uncage the -vro when it acquires the target. 


(4) Energize che look angle drive and position the target at 
20 degrees clockwloo from the longitudinal axis of the seeker. 


(5) Select an acceleration ratc of 0.5 degree per second per 
second for the rate table; select an appropriate time scale for the 
X-axis of the X-Y recorder, 


(6) Tura off powaux to the gyro spin circultry.* 





*Omit this step if the secker normally flies with gyro spin power on, 
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(7) Simultaneously start the rate table turning clockwise and 
energize the X-axls of the X-Y recorder. The X-Y recorder will draw a 
graph of the gyro spin frequency versus time and tracking rate which 
can be calculated from the time ecale on the X-axis. 


(8) Allow the rate table to accelerate until the seeker loses 
track of the target; the X-Y recorder pen will lift at loss of track. 


(9) When the graph is finished, cage the gyro; stop the rate 
table; turn off the X-Y recorder; reset the look angle to zero; turn off 
power to the seeker. 


(10) Remove the graph puper from the X-Y recorder and annotate 
it with acceleration of the rate table, look angle, seeker identification, 
tracking xyate and gyro spin frequency at loss of track, the level of 
lafrared energy on the dome, and any other pertinent information. 


(11) Put new graph paper on the X-Y recorder and repeat steps 
_ (3) through (1C) seven times using acceleration rates of 1.0, 2.0, 4.0, 
8.0, 10.0, 15.0, and 20.0 degrees per second per second for the rate 
table. 





; (12) Repeat step (11) five times with look angles of zero, 5.0, 
(3 10.0, 15.0, and 30 degrees clockwise. 


(13) Repeat step (12) with the rate table operating counterclock- 
wise for each graph. 


at. 






d. Data Required. The data required are the maximum tracking rate 
capability of the seeker as a function of look angle and a graph showing 
the length of time (in seconds) that the seeker can be expected to track 
at a given rate in degrees per second. Accuracy of measurement shall he 
pius or minus 0.5 percent. This subtest shall be performed on three 
seekers (A), B,, and C;). 








e. Analytical Plan. The maximum tracking rate of the seeker shall 

be determined as a function of gyro spin frequency as it is affected by 

7 look angle and tracking time at any given rate of track. This informa- 
tion shell be determined for clockwise and counterclockwise tracking 
directions. Compare the results of this subtest and those from para~ 

3 graph 19 to the maximum rate stated in the requirements document, and 

determine the percentage vy which the test item meets the requirement. 
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21. Maximum Tracking Rate versus Target Intensity. 


a. Objective. Determine the minimum level of infrared energy 


required for dependable operation of the seeker in acquisition and 
tracking a target. 


b. Standards. None applicable, 


c. Method. 


(1) Use the same Instrumentation and connections as in paragraph 
20. sabes 


(2) Add attenuation to the collimated infrared 
reduce the temperature of the black body) to reduce the 
energy impingaug on the seeker dome. 


source (do not 
level of infrared 


(3) Perform steps () and (13)* of paragraph 20c and note 
the percent of degradation In tracking ability caused by reduction in 
infrared energy te the seeker. 


(4) Repeat steps (2) and (3). adding more infrared attenuation 
each time, until the performance of the seeker is judged to be reduced 
by 50 percent of its capabtlity 4s emiablished in paragraph 20c. 


(5) Determine the signal plus neise-to-noise ratio of the seeker 
when irradiated with the energy level established in step (4). 


d. Data Required. The data required are the values of infrared 
energy required for operation of the seeker at 50 percent of its capability 
with sufficient energy for a signal plus noise-to-noise ratio of 2 to 1; 
and the signal plus noise-to-noise ratio when operating with this reduced 
energy. Accuracy of measurement shall be plus or minus 10 percent. This 
subtest shall be performed on three seekers (A,;, B), and C)). 


e. Analytical Plan. Compare the minimum energy value determined in 
step (4) to the minimum value specified in the requirements document and 
determine the percentage by which the test item meets the requirements. 
Using the results from this subtest and those from paragraphs 18, 19, and 
20, determine realistic engagement boundaries for the seeker against 
tactical targets as a function of airspeed, slant range, flight path 
(whether left to right cr.ssing or right to left), measured infrared out- 


put of the target, and the length of time the seeker can be eypected to 
track the target. 


_ a 


*Steps (11) and (12) or portions thereof may be omitted at the discretion 
of the test conductor, 
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-22. Low Temperature Storage. 


a. Objective. Determine the operational capability of the seeker 
after storage at low temperature. 


b. Standards. None applicable, 


c. Method. 


(1) Perform a Satisractory Performance Test (SPT)* on the 
seeker to determine its operational readiness. 


(2) Prepare the seeker for prolonged low temperature storage 
according to the technical manuals, maintenance procedures, and other 
instruccions and sutject the geeker to the required low temperature con- 
ditions as described in MIP 5-2-583. 


(3) Remove the seeker from low temperature environment and 
return it to labore :ory ambient conditions; perform an SPT to determine 


whether any operational and physical degradation has resulted from the 
environment. 


d. Data Required. The data required are results of the pre- and 
post low temperature storage SPT and the degree of degradation to the 
seeker, if any, caused hy the environment. This subtest will be performed 
one time on each of the seekers in gro-p D. 


e. Analytical Plan. Compare the »ercent of degradation to the test 
item to the specifications in the requirements document to determine 
whether the seeker meets the requirements. 


23. Low Temperature erate. 


a. OQObiective, Determine the opérationa)l capability of the seeker 


ir low temperature environment. 
b. Standards. None applicable. 


c. Methad. 


(1) Install the seeker in the seeker holding fixture on the rate 
table; attach the low temperature shroud to surround the seeker. 


(2) Perform a pre-environment SPT on the seeker to determine its 
operational readiness, 








*See paragraph 32. 
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(3) Lower the temperature inside the environmental shroud 
according to MTP 5-2-583 to the level specified in the requirementa 


aocument. When the seeker has stabilized at the low temperature, perform 
an SPT. 


(4) Return the seeker to laboratory ambient conditions according 
to instructions in applicable documents and perform a post-environmental 
SPT. 


d. Data Required. The data required are the results of the pre- 
environmental SPT, the SPT performed during the environment, and the 
post-environment SPT. Aliso required ie the degree of operational 
degradation to the seeker at low temperature and any residual effects 
during the post-environmental SPT at laboratory conditions. This sub- 
test will be performed one time on each of the seekers in group E. 


e. Analytical Plan. Compare the percent of degradation to the test 
item to the specifications in the requirements document to determine 
whether the seeker meets the requirements. 


24. High Temperature Storage. 


a. Objective. Detexmine the operationsl capability of the seeker 
after storage at high temperature. 


b. Standards. None applicable. 
c. Method. 


(1) Perform an SPT on the seeker te determine its operational 
readiness. 


(2?) Prepare the seeker for prolonged high temperature storage 
according to the technical manuals, maintenance procedures, and other 
instructions and subject the seeker to the required high temperature con- 
ditions as described in MTP 5-2-594. 


(3) Remove the seeker from high temperature environment and re- 
turn tt to laboratory ambient conditions; perform an SPT to determine 
whether any operational and physical degradation has resulted from the 
environment. 


d. Data Required. The data required are results of the pre- and 
post-environment SPT and the degree of degradation to the eeeker, if any, 
caused by the environment. This subtest will be performed one time on 
each of the seekers in group E. 
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e. Analytical Plan. Compare the percent of degradation to the test 


item to the specifications in the requirements document to determine 
whether the seeker meets the requirement, 


25. High Temperature Operate. 


a. Objective. Determine the operational capability of the seeker 
in high temperi.ture environment. 


. b. Standards. None applicable. 
c. Method, 


(1) Inetall the seeker in the seeker holding fixture on the 
rate table; attach the high temperature shroud to surround the seeker. 


(2) Perform a pre-environmental SPT on the seeker to determine 
its operational readiness. 


(3) Raise the temperature inside the environmental shroud 
according to MIP 5-2-594 to the level specified in the requirements 


document. When the seeker has stabilized at the low temperature, perform 
an SPT. 


| ; d. Data Required. The data required are the results of the pre- 
environmental SPT, the SPT performed during the environment, and the 
post-environmental SPT. Also required is the degree of operational 
degradation to the seeker at high temperature and any residual effects 
during the post-environmentai SPT at laboratory conditions. This subtest 
will be performed one time on each of the seekers in group D. 


e. Analytical Plan. Compare the percent of degradation to the test 


item to the specifications in the requirements document to determine 
whether the seeker meets the requirements. 


26. Transportation Vibration. 


a. Objective. Detecmine the operational capability of the seeker 
: after simulated transportation vibration environment. 


b, Standards. None applicable. 
c. Method, 


(1) Perform a pre-environmental SPT on the seeker to determine 
its operational readiness. 


noes! 
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(2) Prepare the seeker for shipmant according to technical 
manuals, maintenance procedures, and other instructions using the speci- 
fied transport mode tie-down configuration for each mode to be simlated 
as indicated in the requirements document, 


(3) Subject the seeker to simulated transportation vibration 
using shake tables as required with random vibration input data empiri- 
cally determined from field measurements. 


(4) Remove the seeker from the environment and return it to 
laboratory ambient conditions; perform an SPT to determine whether any 
operational and physical degradation has resulted from the environment. 


d. Data Required. The data required are results of the pre- and 
post~environment SPT and the degree of degradation to the seeker, if 
any, caused by the environment. This subtest will be performed one 
time on each seeker in group A. 


e. Analytical Plan. Compare the percent of degradation to the test 
item to the specifications in the requirements document to determine 
whether the seeker meets the requirements. 


27. Handline Shock. 


a. Objective. Determine the operational capability of the seeker 
after simulated handling shock environment. 


b. Standards. None applicable. 


c. Method, 


(1) Perform a pre-environmental SPT on the seeker to determine 
its operational readiness. 


(2) Combine the seeker with other portions of the system in the 
configuration in which the system fa most likely to be handled depending 
on the manner of deployment of the system in the field, Subject the 
system to simulated handling shock test, 


(3) Remove the seeker and return it to laboratory ambient con- 
ditions; perform a post-environment SPT. 


d, Data Required. The data required are results of the pre- and 
post-environmental SPT and the degree of degradation to the seeker, if 
any, caused by the environment. This subtest will be performed one time 
on each seeker in group B. 
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e. Analytical Plan. Compare the percent of degradation to the test 
item to the specifications in the requirements document to determine 
whether the seeker meets the requirements. 


28, Boost Shock. 


a. Objective. Determine the operational capability of the seeker 
after simulated shock caused by ignition of the tooster motor. 


: b. Standards. None applicable. 


c. Method. 


(1) Perform a pre-environmental SPT on the seeker to determine 
its operational readiness. 


(2) Combine the seeker with simulated portions of the remainder 
of the missile in flight configuration. Subject the system to the shock 


and vibration spectrum which it receives immediately following booster 
ignition. 


(3) Remove the seeker from the environment and return it ts 


tu ww 
laboratory ambient conditions; perform a post~environment SPT to deter- 
C mine whether any operational degradation has resuited from the environ- 
i 
a ment, 


d. Data Required. The data required are results of the pre- and 
post-environmental SPT and the degree of degradation to the seeker, if 


any, resulting from the environment. This subtest will be performed one 
time on each seeker in group C. 


e. Analytical Plan. Compare the percent of degradation to the test 


item to the specifications in the requirements document to determine 
whether the seeker meets the requirements. 


SECTION IIT 
SUPPLEMENTARY INSTRUCTIONS 


29. Gyro Spin-Up Time. Gyro spin-up time (paragraph 5), gyro spin-up 
current (paragraph 6), and gyro spin-down time (paragraph 7) subtests 


may be combined and performed as one subtest to conserve operating time 
on the seeker. 
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30. Maximum Look Angle. Maximum look angle (paragraph 8) and recovery 
time (para $) subtests may be combined and performed as one subtest. 


31. Signal-to-Noise Ratio. Signal-to~noise ratio (paragraph 12) and 
cool-down time (paragraph 13) subtests may be combined as one subtest. 


32. Low Temperature Storage. A Satisfactory Performance Test (SPT) shall 
consist of the subtests described in paragraphs 5, 6, 7, 11, 12, 13, 17, 
and 21 performed in the sequence given here. A pre-enviroumental SPT 

is performed prior to subjecting the test item to a given environment; 

and post-environment SPT shall be performed following the environmental 
test; a post-environmental SPT can serve as a pre-environmental SPT for 
the following environment provided that no maintenance and no adjustments 
are required for satisfactory operation between the two environmental], 
tests. 





Recommended changes to this publication should be forwarded tu 
Commander, US Army Test and Evaluation Command, ATTN: AMSTE-ME, 
( Aberdeen Proving Ground, Maryland 21005. Technical information 
related to this publication may be obtained from the preparing 
activity (Commander, White Sands Missile Range, STEWS-TE-P, White 


Sands Missile Range, New Mexico 88002). Additional copies of 
this document are available from the Defense Docwnentation Center, 
Cameron Station, Alexandria, Virginia 22314. This document is 
identifid by the accession number (AD No.) printed on the first 
page. 
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APPENDIX A 
REFERENCES 


1, AR 70-10, "Yest and Evaluation During Development and Acquisition of 
: Materiel". 


2. AR 70-38, “Test and Evaluation of Materiel for Extreme Climatic 
Conditions". 


3, Pivovonsky and Nagel, "Tabies of Blackbody Radiation Functions," 
Macmillian Company, New York, 1961. 
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APPENDIX B ' 
CHARTS - 


emperature 
Controller: 





Figure 12. Infrared Signal Generator Showing Ray Trace and Partial 
Electrical Diagram. (Collimating and focussing optics are omitted for 
clarity.) 





1. ‘Infrared energy from Nernst Glower (N) is directed through a circular 
variable filter (CVF) used here as a monochromator. 


2. Monochromatic energy has wavelength according to angular position of 
CVF and very narrow bandwidth; it is directed through circular variable - 
neutral density filter (NDF#1). 


3. Monochromatic energy is adjusted in amplitude according to angular 
position of NDF#f1l; it is directed te a mirror (M) which deflects the 
bottom half of the beam through the choppiiuig mirror (C) and thence to 
the ‘infrared detector (D) which is spectrally flat. 
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has output according to the setting of the temperature controller. 


5. Detector (D) senses any difference between the energy from N and 
that from BB and provides a voltage through servo amplifier (A,) to 
position NDF#1 which causes the energy at 3 (and 4) to be equal to that 
from BB, 


6. The top half of the energy beam from N (gee 3 above) is constant in 
amplitude (within the flatness of D) and is directed through NDF#2. 


7. Monochromatic energy of narrow bandwidth impinges on the seeker 
under test which outputs a voltage through servo amplifier (Az) to 
position NDF#2 so that the seeker output voltage is always constant and 
adjustable for desired signal plus noise~to-nuise ratio as indicated on 
VIVM. 


8. A voltage proportional to wavelength (one volt per micron) is 
generated by CVF which is motor driven and scans the infrared spectrum 
once for each rotation from 9 to 10 microns. The voltage drive the 

X~axis of X-Y recorder linear in wavelenoth, 

‘9. A voltage proportional to the angular position of NDF#2 (an” therefore 
iduversely proportional to the energy at 7 impinging on the seeker dome) is 
generated by NDF#2 and drives the Y-axis of the X-Y recorder proportional 
to the transmissivity (0 to 100 percent) of the NDF#2; the X-Y recorder, 
as CVF scans the infrared spectrum, draws a graph of the relative energy 
versus wavelength required at the seeker dome to provide a given voltage 
output of the seeker which can be adjusted to represent any desired signal 
plus noise~-to-noise ratio of the seeker under test. 
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4. Addition of the chopping mirror (C) alternately exposes the detector 
(D) to energy from the source (N) and the reference blackbody (BB) which 
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